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(54) PHOTOCATALYST, ITS PRODUCTION AND PHOTOCATALYTIC REACTION METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a photocatalyst capable of exhibiting its catalytic activityeven by irradiation with visible light 
and to provide a photocatalytic reaction method using the photocatalyst under irradiation with visible light. 

SOLUTION: Ions of one or more kinds of metals selected from among Cr, V, Cu, Fe, Mg, Ag, Pd, Ni, Mn and Pt are incorporated into 
Ti02 from the surface toward the interior by >1 x 1015 ions/g-Ti02. Ions of one or more kinds of metals selected from among Cr, V, 
Cu, Fe, Mg t Ag, Pd and Pt are accelerated to high energy of >30keV, radiated on Ti02 and introduced into the Ti02. Photocatalytic 
traction is allowed to take place in the presence of the resultant photocatalyst by irradiation with light in the region from UV to visible 
light. 
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[SS*11] Cr, V. Cu. Fe. Mg. Ag. P 
d. Ni. MnfciOT t frtbK Z>Wtfr^&tRc ft& 1 

[fi33g2] Cr. V. Cu, Fe, Mg. Ag. P 
d. Ni. Mnfc<fcC>'P t ^6^5^e>Sf??n?> 1 
@«_k©:£Jl©^:*>£3 OK e Vjy±©«i^^¥- 

&djn»i<-c. ®Kb?£>K:Bs*fL. &&m-i*^zmt 

9=- 3? >ici» A-T 5Ci T £#li!i!$©»£-?£. 

[HW8B3] 1 Kfatt©itll«Sit©»aET. 

[IHJJ315] W3J81 1 (cE«©*ltt«©»aET. 
C £ £ T 4 7' 7- ><Dmm bSK#&. 
[0 00 1 ] 

oTfeM&?£tt£fl^£t:£#t?£S:7fcteJI. RO'-e 

tt £*<JWta^SJ£3ri£K:iHT 5 fe ©t ft 0 . m o < ttfln 

&JR -f * > *IW b^ * >&c*SA U fcTfeft^iclHf 5 fe © 
"Cft*. 
[0 00 2 ] 

m*v>nm) Mtb?*>tcj:&xttWKj&M:. uta-r 
WM^mvv. -fe * £ utaas &&j£{b£c £'^©jr> 

&r§tt£fi±S#&/c*©j@m^Hb*>P t, Ag, N 
i &4f®&JMBftK ^J»*«« (&4 0 0 n m~8 0 0 
nm) ©3fe*iPJffl-r4fc*. feJRfcSMt?* 

[0 00 3 ] ua>0fca*6. cn$T©3fefi4j«-C«^3 
8 0 nm J: "5 fe^^S©Sl^tWS"C«f^fflT-6* s . 

fl-#^T^©*®2£WtcifSfTT*. C©fc#>. API:*; 
3f£tt-Ctt 5 KgflM)*** L*«fli-C#r. ^KSJS 
£|ac $-l±.5>fc«t){C«. 7kig7 >^©«fc 5 a*W-*EP»* 
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[0 00 4] 

[»M#lfi*l/«J:9i-J-*IMI] C©i5 4 

tfi»©Ttc& $ nfc fe ©r*ft -3 r . -e©e wssgrtb?- * 
«:*(r»rfe«jEWKfffflr**«W*««-S-«c £. *$ 

10 [0 0 0 5] 

«©*^ttJ!8©»K«:-3«,»rtftfitL.. HMt^* 

£ (,C&m<D&m 4 * > Sr^-fb?- £ >(C«A S <d ft 

20 oHtiSht#fc"ia*«« (*)4 0 0 n m-8 0 0 n 

m) ©^©ERiK^tac L/, am^t<ot>tmMT-c<o&m. 
ffcWoa-JK. fc<fct>'^T->©^t£<bJ£j£& £*©s *©?fc 

[0 00 6] T^cto^, *^SJ«, C r . V. Cu. F 
e. Mg. Ag. P d , N i , MnfcitfP tfrht£Z> 

m&zm&izfti im&L±<D&m<D-<*i'ifii x 1 o is 
30 tt-r^fecDffti. tit. *mmz. cr. v. c u . 

Fe. Mg, Ag. Pd, Ni. MnWJ/PtWj: 
•SgtfpfcjgJRSft-S 1 Sfe(±©^©-l'^> ; S:3 OK e 

T-5^S4ii©^73^ ; &S«T-5fe©-C , ft^. $6fc, 
^ajtt, JJS©^fiJ«©??iSET. pJtWe*R8WUr* 

fe©T*ft-2> 0 «T. *l%BJ?:f?Jffl(C|5iBJ-r^ 0 

[0007] *mw<ommi<zmit?-£>ic<&m<D&m 

Sn5#I-ft>iJ. Cr. V. Cu, Fe. Mg, A 
g, Pd, Ni. MnfciOT t *>6 6 

V. Fe. Ni. Mnrft9, #{C» $ L < «C r . V 
T-ft^. Sfc, Wie#Jl'l'.*>©m^« ! lt«:flJKB^^ 

3isaASu©#)i^^>* 3 ijn3i$nfcfe?J-ctt 1 « 
-e^-r-s^^t'^ ^cfc. aAf*«, ^{b?^>4> 
•c^n^^>«, i~5iffiiurffSE-r4. cn^©i 

50 ^-ttTfllUTfeJcU,, 
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[0 0 0 8] »{b?*>(c3*A3ft£&IIU:i->©*A 

^^*>©*A*©*ffitt. wnt?z>i g^tcv® 

&m-{*><D%l.*:9jk-T, ^W^XD^EAS^l x 1 0 
^*>©j*A*©±Ktt#fc*UlE&l,»#. 

ireieiijatsttJWBB-r ««Mi3W» 6 ft& i>ct*«bs 

©rj?£0 ^JS-C.3|->©^AS©SfSL/^fiSH 10 

~5 x i o" j g -mtr zxtmrnttttf*. o 

<> ^OC 1 x 1 0 1S -5X l O 17 -/^/? -RfbS 1 * 
^©iiWS 0U„ 

[0 0 0 9] S«T&£^-ft? : -*>&C^A£nfc#Jl--l' 

^^^©aiffitc^&or&ii^. Kftf 
* >©i*j»fc*aj#*«£P£E-r * c ta**?* o < . ^js-c 

*>©9 0%«±#&{b^*>©rtg|Ht#:aT£C£rtS 

© 9 9 %£Lt* i WHk ? * >©rtSI5fc??aT 5ct *W g 
UU. Sfc, M-ft?^>©F ( 9g|5«:^A$n/c#JH , ^-> 
«. 8ffitti*6 1 0 0 0 A©^$©Pa1(C??^E-r^C 

£#i?£0<. #K:i?ffi<!:affi#>6 3 0 0 A©#ti*©fH 
iO„ SrTi 0,ftiW6fti. Wlit?Z 

>©«gsBtt. ^tcPMSft-r. T*-*-~«gs. 

^©{ti>S*©£^y©£©£:ffll^-£e:£#5r*-5>. 30 
*>©■?* -5**. ffe©#j!SfllE*#ffi ItUUU. ffi©S 

iStf&S'i. ^(C*IJ|5B^l»*5, iim 1 — 1 0 0 0 n m©ffi 
H©fe©-C*ntiJ; < . W $ O < it 1 ~5 0 0 n m<DM 
fflr£>9. ^ICVf-g 0< »5~5 0 nm©fBffl-CS>-5. 
*l%?9©^^««. ^O^fflUtfeJ:^^ 40 
/^>*'-£©§^£^orjilt£Korffli,>ri>cfc ' 
t>u Sfc^^©3tJttttc?I^§-t±rfecfct\ 
[0010] *^©36tt«l©tjjS^rj*K:*Jt»t:tt. c 
r, V, Cu, Fe, Mg, A sr. Pd, N i, Mnfe 

<t v p t *» 6 tt 4»* e> $ ft s 1 aw±©^«© -r 

tf>£3 OKe V&^igi^Jl^-tCflniEOr. ©-ft 
rZXzmtrZ. ^R-f*>©x*Jl' : * r -«. 30 K 
e VfeLtT-£>-5**. 5f$l/<B50-400KeVOl 
lf« "9 . #'C&+3: KK1 0 0-2 0 0K e V©$EB 
-C&S. J?*bO»t5ffl«. ^JI-T^aA^iO&l— <•£ 50 
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^JSW^>©M*-ffi©5ft U^JbH 
tt, 9 If lxiO 1 ' 

-lxi 0 ,5 ^>/cm'©©H#$*$O< . #ici 
x l 0"~ 1 x l O 1 ' J cm 1 <D®mi>m%. 0 

t». ^K-r *>©««*«©#&«. mmmmi cm^ 
?c o ©#ji * >©£fc£^-r „ 

[0 0 1 1 ] *!%K©5feg4J«*f#-5)/cit»«:ffll^tl-5^ 

tr>^©*gMc«fflsnr«,»s^*>aASfe-c*o. 2ra 

£#£C£'tJ:9£Jg^>£¥*ftK:&A0. *2»f* 

r <,>■&. 

[0012] *l6K©*l«K©«j6*ffi«:*j«,>rffifB-r 

0<,>„ »fb?*>©»;fc©¥i&tiStt. WKWRttO 
ISl~10OOnm©Ii©«)©T*hSJ:<, 
J?S 0< '* 1~5 0 0 nm©$gfflr&9. ^fcW*b< 

[0 013] *$wi©3fc««wt. asji-je«*tt«>ft*x 

©Ci. Cti*t?^F5JteiStir#fcDia36«« <«J4 
0 0~8 0 0nm) ©^©(RiR^C -5. C©fc». * 

6 WfiW6©W!e©«S©36*»e Or HS* 0 r *> <fc 

C©®H?t-©7t;. m%.\t&s&wt. ^3t3&s$*nrt» 
r^M03£*^i».. *l%^©*84iiSJcS^^«:*Ji^r^ 

pJt»t©3t©jfcE©»S Ol^faH 
B. 250-500n m©lif*5. *^BJ©7feli^ 

[0014] *^©*««atRjCjerffi«:*ii,»r«fflsti 

tntf<tD*, a^/i^ i -t-ii/^fco o . oi-io, 
ooo gr*.-5>. *:#feHj©^fii^J5Jt;©^Ji ora. « 

6 "m*6©36*ftJR«fttt©#£TK: *5 
^r or #8¥Jgj££tf 5 

\.*xv&mmM or m-fbjgjs^tf 9 c i^#mi-r 

^7*7" >©^tt-f fcSJS^S & t'*^lf 6 ft •£> . ^r- > © 
M14-ftSJt><i: Or«. ^-2-7'r>il -7'r>ra 

[0015l*fc. *fllB©*J!4«Sj£©-e©f6©Wt 



C4) 

5 

^S©«fc 5fer;u-5r> ■ T^>©7k«:j:S5t7kSS-fb^- 
2-7'u^V-;W^©7^ft F • ^ h 

■;->>-77->& £'©t£T 5 S m&l&Jxfc, C O + H 
, O — >H, + C 0, ©J: 9 ^CTfc'Ktt**^. h • ftiMTk 
tt*f * gjSfc £'©« * ©3fcJttj«KlS***tf 6 ft 

£ »» & t » 9 6 . *Btt © £ I* r «*Pf J 
ffiu nK-fb^©7j<tcJ;-5>S7cHS(c<fcor*ffi!&* 

SfS. *;l-A7*ft F^&ra£ft£-C<fc£,, PHiK:, 

ii. tss l. ft t» 7i/ =f-jg.£ mmm-c&ffiti:mu*m 

ftx*7U*"-©a«ftftW^Jffl&-C*-5. 
[0016] *%BS©3feM««. -e-©7feM«!f#tt^fiJffl 20 

tb&VU&lttos *©S&^ft»*#I8©H?S*s3* 
Wc-3(,>r*K ^^©TfeM^^ffl^-SciKct?), C 

ft6©#ft?i&*^^£ft£. wtoowati* 

t & C £ \C «fc 0 . ±|®3feM*fT 4> L < fcWgtfft £©{5J 6 

*R#{b£ft-2>„ TK*©*^****^©^^ 30 

7k£^blT£t £#oJft£ft-5. 7K*©W# 
^M£C/-Ctt, h i;^P^£>ft£*#pl:f6ft 

jetuciRjtsti-r. a^o~2 o o-ccommx-n 

[0017] 

-r£U9*^©^«^<^bftuc£*e>. 

#ji -< * > mm** -o swAsnicttcfco. 

•ScfcowiftO, ^©^©gftiRKcfc^K'fb^^xt'Ccs^ 
iiE?L*^D, *&M}T*£j£l^cS^£IE?L©9%. S 

«fc9^5l r t>#$fr§<fc<il.fr. ^©fcsMEtL&Kfb?^ 50 
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[0018] 

«c*»a«jtcB.i5§-rs. ftfc. cneowtcj: 
■^Tffl6fiJK£ft£&©;c«:fti>. ^SE0!l«:*jtJr..ls 
{b^ * >^©#JI * >©*A«©iMS. ftA^H -f * 
>©S'Mtt. H^tcS IMS J 
S) . teiO'XPS {ytWttzttm) &<0tf-?tc. 

[0019] 1 
^f*©^^© K - 1 > ^Cfflti 5 200KeV^ 
V -<*>$:mmUT 1 5 OKeV© 
x* (CLr, W-#ifiL^Fm2 1 nnTCfc-SSS-fb^* 
> (rWitM. ffi&Z : P-2 5) V-{*>M 
S£7. 5x l 0 1! -r^->/cm 2 4CL.rSSjTfU. 1Kb 
5=- $ >Ct V * > fc. ft fc V * >*i*A 
^ ft fcK-f b 9- rxzytMmov a * > cD»ts*0B 

^H^AtcS IMSWO'XPStCiOa'Kb/dS^ V 
-ft>IAlK7. 5xlO u -ft>/g-TiO,T 
*•).. ^b5 i ^>©*M£«®*>6 2 0 0 A ©«<*©«! 
CDF*3gptC V * >®AS© 9 9 %JULh*SStifi^— ft^ffc'- 
§ftrti2>C<t*55gi28!$ftrc„ _hK©J:9tcL-CiSSSL 
fc V A 4- > b fcBHt 3? > *> h ts. h itm&<D%Wr 
%^\%%®M.^Z h7U*aAV-f *>«©«»£ L 
rSJ^Lfc. f#6ftfciRi|5fX^i' h7U<&EI i (c^-r. 

[0 02 0 ] 

v w * > ©&A^£Tf5© j; 9 «cr mmm 

1 £P«KcfCV>r4->*^ALrcM-fb9 1 3?>*>6ftS 

ffili*;^*- : 1 5 OKeV 
V^*>MWfi:l. 5xiO"-ftVcm ! 
*S6 ftfc V ^ ^- >#I5»A* ftfc^b? 1 * 6ft 
^© V A * ><DftWlVm*:=%JV SIMSfci^XPS 
(Cfc-DStf/ELfcife^ V-Y^->»A*«1 . 5 x l 0 17 
-f ^">/g — T i 0 2 "C$> t 3 . M-fb^*>©*ffi£*B 
#>620 0 A©ggS©Fa©rtSPiCV-f 3f->^Afi©9 9 
%J£l±*s«^— {CRISES ftr -5. C £ flSffiSSS ft/c 0 

e>ft ?>mkmco^^^ytmitn^f h)izm 

SLfc. f!6ft?c©iR^-^^ h;U=Sra 1 K^L/fc. 
[0 02 1 ] lOfePf 3 

V A ©aA^^rTie© J: 9 CCT 5 USS^J 
1 £|lI1t(CUrV-< , 5}->^?iAUfc^{b9 L *>^6ft-5. 

: 1 5 OK e V 
V-f 2i->M*fS : 3. 0xl0'Wt>/cm ! 
» 6 ft te V * > A S ft 1 5 1 * > 6 ft 4 jfctt 

si© v w * z/<Dftfflm*=£3t s i ms fecfco'x p s 

{Ci <9 miE. Otci&gk. V -Y ^>*A»« 3 . 0 x l 0 1 7 
rf ^" >/ g-TiO, "CS> 0 . IS-fb9 L ^>©*ffi£»ffi 



(5) 

7* 

%«±# is cc»» $ nr t * s c i ifim § n/c e 

±E<Z) <fc 0 GC U xmm L/ fc V ^ * > *2fA 0 fcKi t ^ £ 

[0 0 2 2 ] J:t«ffl 1 
Klb?-*> (f^imSl fSSS : P-2 5) 
— nJtftifeKflX^^^ h;l/*HJS^J 1 iH««:«ll3Ebfc. 
f#6nfcg&iRX^ l CC^b/c e HI J: 9, K 

* b?- £ >marca^> + * 3 8 0 n mriSj 10 
4 0 0 n mJ^TO^I-^«©3fe<DaRxRcD^^jac 0 . 

* A * >SAft CC ckOttAL fclMfc * * > 7feS4^±^ 
tt, 4 0 0 nm^±OnJtS7feOD^R^jt2C oTt>£1§T- 

[0 0 2 3] 106094 
5jsaW*C0^*e»O F - t*> ^«Cfl3l> 4 2 0 0KeV^t 
>aAM^:fflt\ C r-f *>«rinaun 5 0KeV 

(^1«±SSL IM&g : P-2 5) lc.-Cr-/*> 20 
Ml*** 1 x 1 0 16 ^>/cm 2 &tt,Tff^U &{b 

C r ^^>iAtttl x 1 O^^tVg-T i O 

CDMOrtWKlC r * >3?AB<D 9 9 %J£t±*Stt«ift— 
tc»«tS tir 1^4 C i :WW«3 ft ft:.- ±IE<D <fc 5 It 

hi^iAC r -f *>« 30 

[0 0 24] SBSSffd 5 

C r A ^><Z)iiA^fr*TiBCDJ: 5«c-j-*JMW*, *S6 
W4iEiaccLrC r -/t>taAL/cilt?^>^e) 

flPil-X*;!,^- : 1 5 OK e V 
C r -f *>J8W* : 1. 5 x 1 0 16 -Y *>/ c m 2 
m^tttcC r >#*A*ft;fcWb^£>a>*>tt4jfc 
%m<DC r A * ls<DfrmfMZ='X5t S I MSfcitfX 40 
P S&c<fc 9 iMSO Cr^t>iAlKl. 5x 

10 17 -{^>/g-TiO:t*^ BMb?*>©*ffi 
<hSE*P6 2 0 OAOSSMCWCC r H^>2§A 
1© 9 9 «JBLb3WS«iS— «:^» snrc^ci #*StiS 
2ft/c 0 ±E<D<fc5CCUriBSlyft:Cr ^*>'*3»AL 

t> h;u*jH5El/fc. nhtifcm^^^ h;^12^ 
0tc o 

[0025] mtm 6 

C r ^^^oaAafefrSrTEOct^tC-riWWi.-XtS 50 
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«4iH««CUtC r A*>Z'<iALtcmt?~5>fth 

finiSx*;U^- : 1 5 OK e V 

C r ^>MS*E : 12xi0 15 ^Vcm 2 

*#6ftfcc r ^*>#»ASftfc«{b**>*6tt4:ifc 

SI^6 2 0 0 A<7^3cDp H t ]<DF fc gS{Ik:C r -T^>a»A* 
<D9 9 %«±^[.j^-(c^t5 $ tit l^ C <h**ttBS 
ftfc. ±fg(D<fc50CUTBiKLft:C r A*>*mKLtc 
mt 9- * > 6 tt 4 *<B»0»^3^^*»« * ^ * 

/c 0 02J:O, £fct8«l ira«CcK{b^*>#a-C»^ 
> K*> *:7fltt*fi3 8 0 nmtlW 0 0 nmKTOf 

&±<mc!btj;&r>tci)k Cr^>^^t>aAaw: 
<tDaAU/cl{bf^>»±tl-t 4 0 0nmHl 

ft* -o £^lT 4 C £ ^BJ 6 <t tt o tc 0 

[0026] mmmi 

*>SEA8fiS:ffli/^ F e ^*>«r*niEOri 5 OK e 
VCDx^;l/=?-tCOr, ^ST-S2 1 nm-e£>£^-fb 
(x^ttS, ®o D n« : P-2 5) fC, Fe^t 
>MttS^r 7 . 5X1 O'WtVcmHCLtlli 
U M{b^^>^CF e ^>^Abfc 0 f#6ti/cFe 
^*>#»AShfcM^*>*6tt*3KI«K>F e -Y 
*><D»«««*=^5cS IMS45<fcCfXPSCCct0» 
SOfcfift, Fe^>*AlB7. 5X10 16 ^> 
/g-TiO:^^ ^b^^>CD*M<t*®^6 2 

o o K<om $ ©raortepcc Fe^ >iAi© 99%^ 

±*S«i*r— testis tve 1^4 C i^WBBStifc. 
[0 02 7; mMM8 

F e ^*>(Da7sifefr*TEOJ:^«:rS«W*, 
W tB««lly"TF- e Y*>l:aAlfcKftf^>^6 

»«x*;U=F- : 1 5 OK e V 
Fe^t>Mt: 1. 5xiO ie ^>/cm 2 
}#6n/cFe^f * >5E>5igA $ n/cig{b ? * 6 
#«S(DF e ^*>(D»tSPK»*=*5cS I MSM[/X 
PS(Ccfc«3 8B5EOfctt*. Fe^>iAi^l. 5x 
10 17 >ft>/g-TiO 2 t$)l BKb^*>©«SfiB 
2 0 0 ACD^^^CDp^gPRlF e A*>^A 

[0 0 2 8 ] HSfeM 9 
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ftI»x*Jl/=F- : 1 5 OK e V 
Fe^*>WB**:3. Oxi 0 16 ^>/cm 2 
»6tifcF e ^*>#»ASftfc*ft?*>*&a*5fc 
JttSKDF e ^*>©»t5tfcfc«*=^7cS IMSWO'X 
PSCCctOSJSOfclS*, Fe-f*>»AlB3. Ox 
i0 17 ^>/g-TiO 2 r$)l mt^-ZXDmm 
iSi*6 2 0 0 A<OggS©HI©rtSB«:F e *f*->2»A 

so 9 9 xeub^as*— k»» snn^ci amis 

[0 0 2 9 ] gUfefll 1 0 
*iW«»F-ty^l^2 OOKeV^t 
>aAR«*flH\ Fe^>3:£niILTl 5 0KeV 
CDx*;U+"-tCbr, ?^WS2 1 nmT&SSHb^ 
*> (f^tttt*. fSp°a« : P-2 5) «C, Fe^> 
flS*fS£2. ZxiO^^tVcmUcltllitl, 

>**A3n?t»ft^*>*6ttS3fc*HK©F e A*> 

(oftmm&^xjt s iMSfeicfxpswo ace l 
mt ^— fcftn jntt^ci «hb 2 n/c e ±12© <t 

SiCLTKiSiLfcF e A ^^MKhtcmit^^^^h 
[0 0 3 0 ] Jlffiflfl 1 1 

F e^*>©aA^fr*Tiao<fc^CC-r^Ki>f-tt. 
«1 0£H«K:i/CF e^^>^ttAUcl^^>^ 
6tt Ote. 
fl|]»x*;I^- : 150KeV . 
Fe>ft>Mi: 6. 6x 1 O^-itVcm 1 
f#6txfcF e ^>^iA?n«f^>^^^^- 
j§*$t<DF e W * ^<Dftmm£='X7C S I MS4J <fcC»C 
P S 9 »JS Fe^ft >»A*« 6 . 6 x 

lO^-f^Vg-TiO^'S)^ SMb^*>©*ffi 
2 0 0 A<Dm$ <Dffi<DfamcF eAt^MX 
S<D 9 9 %£U:3Ma#i&— «C#» S titl^ C £ tfttB 
Sftfc. ±E<D<t5«:urp|RUfcF e-f*>t»Al 

[0 0 3 1] Hffiffll 1 2 

F e <{ *y<D&J&ft>kT&<DJ: 0 0C"rSttfl«. mim 

mi o tm^LXF e -r*>*aEAufc»-(b?*>* 

fttilx*^- : 1 5 OKe V 

F e A*>$?MM : 1 . 3 x 1 0 1 *A c m 2 
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fi^n/cF e-Y^>*sWASn/cBKb^^>*6tti* 
IMOF e ^*>©#W^*=;KSS I MSfeitfX 
PSKiO 9HS Ltc&M. Fe^ >«At« 1 . 3 x 

tmmiph 20 o h<o&z<Dm<bnniiCF e ^^>^a 

SO 9 9 X£Lb*sa«*— CC»» $ tiX^h C t OTilS 
Ztitc. ±^(DJ:o( f CLrmnotcF e-{*>*»AL 
fcBMb* * 6 ft *^fi^<D^*-nia3feKiR^ ^ 

10 Ofc. 0 3<fc!K »t?*>*ttrttA>F + t^tt 
3WKl 3 8 0 n mt^4 0 0 n m«T©*#*««©3&<0 
RiRO*3WjBC 0 . "5ia*««a)*R4XW^ < jS C h a 
jfrofc*** Fe^*>*^^>aASCc<fcDaAUfcM 
^fc^#>*JI«9E±rtt, 4 0 0 n m«±©"5J«3ft©»iR 

[0 0 3 2 ] Htfefti 1 3 
^#<Z>^|Cft©F-tr> Steffi t»5 2 OOKeV^t 
>&A£8B*fflC\ Ni^t>^ffiiUtl50KeV 
©x+^-fct/C, ¥-i% , &=?&2 1 nmr&^Mfb? 1 

20 ffin D n£ : P-2 5) CC, N i 

R8«**2. 2xi0 1 Vt>/cm 2 {CL/TMitL, 
KKt?"£>K:N i -f*>*aAlfc. f#6tx/cN i A* 

>$mA$ titcm.it?*> frZKzytnmoN i a*> 
<DftmKmz=X5ts iMStecfc^xpsjCctoaaso 

Ni-/*>«A1»2. 2xl0 16 >ft>/g 
-Ti 0,^*9* Kfb^*>©3l®<!:SmrfP62 0 0 
A©»S©RI©rta5«:N i >f^>iA10 9 9%J£LbW 

30 asaejMHKcwuii*-^ vmxatvix'* * t ^^«an i 
A*>&<om®.ti;XMmistc 0 n^tifcm.®*^? h 

;l/£04K:7jVr o 

[0033] mmm 1 4 

N i ^*><DaA^*TE©cfc5fcTS&W*> 
«1 3'<t|3J«CCLrN i ^ >*^0/cKfb**>a> 

»H2x*Jl,^- : 1 5 OK e V 

N i A^r>MSiM ' 6 . 6X1 0 ls ^>/cm J 

f#6h/cN i -f*>*«a»AStite*^*>*?>a45fc 

40 s43£<dn i -r*>©»«»as*=^s i MSfcctcfx 

PStC*9»eUfclS*. Ni-f*>*All«. 6x 
1 0 16 ^^>/g-T i 0 2 T'$>D, Kfb^-^XD^ffi 
i*M^6 2 0 0 ACDSESOPelcDrtSPCCN i ^^">«A 

m©9 9 x£U:3W«tf^— cc^tscsnn^s c t&m 
$titc 0 ^(DZoicuxmsiLtcN i A*iszmxi> 
temt? * >fp 6 a 43t^©*^^a*«jR^ ^ 

[0 0 3 4] HSfeM 1 5 
50 Ni -r*><DaAJfefl=«:TECDJ:9K:r4felJ1-tt, Xtt 
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JDjIx^oI/^- : 1 5 OK e V 
N i -f*>SSJt* : 1 . 3xi0"^>/cm' 
»6>ft/cN i ^*>#«A£n/c^b?£>^6&£:ft; 
liSgODN i ^a|->©»iRtt»*HiJC7cS I MSfcJrO'X 

p s ted: o ate ofcjsm. n i ^ *>2»as« i . 3 x 

lC'^Vg-TiO,^'?, l§{b?-£>©Stffi 
i«®*62 0 0 A©?£$©Pd!©rtS|UCN i -f^>*A 
M©9 9 %JiLL*H5«3j— {C#ffc$ftTl>2> C £**BiI8 10 
£ftfc„ JfcJB©J:3«:i/TH«UfcN i ^r^IAl/ 

K^*+ ? :?fif# 5 *\)3 8 0 n mT*\j4 0 0 n mKT© 

iRtt^<«ac6^ofc*s. N i -r*>*^3|->i£AS 
{ciO^OfcBMb^^^JtttaSSLh-Ctt. 4 0 0nmfil 
±©T5Jft:7fc©©»K#ig CoTl>4 m=f-ififtfr 5 „ feLt© 

ck9(C, ^^^©ifell^^^bfcM'fb^ 20 

6#x&# o ftdfc^tt fcfSKT 4 C i *SW 6 ft o 
tc. 

[0035] mmm 1 6 

^agf*©^^© K - f> ^cffl^-S 200KeV-f* 
VitAilEfcJlO. Mn-f 3i->£fln&UT 1 5 OKe V 
<Dx.*A>¥-lC br. ^^12 1 nm-CfcaiWfc* 

: P-2 5) K, MiW*l/ 
MStS* 1 x l 0 1 ! -T c m 2 tc L.T BStJu ©ft 
^XcMn -f^^aAL/c ?l?.nfcMn-f*>* 30 

mttmz^'Xjc s i Msfcio'x pstcio wmistcm 

Mn^t>IAiBl x l 0 16 ^*>/g-T i O 
,r*«3. Mb9 1 ^>©*Mi^ffi*>6 2 0 0A©S££ 
©R!!©F*3§|5&CM n -T * >zl Afi© 9 9 %J£l±#S{itii5j— 

tc^fjsnrt^ctJWiissnft:. ±fs©j:5{cLT 

I0H WcMn-f sK>£igA OfcUffc? 1 * >A> ?>ft S^t* 

©W»£t/T«!lJ£0fc. ft fcttfcRiK*'** hJl/*EI5 
(CthT. 40 
[0 0 3 6] »S#iJ 1 7 

Mn W^>©aA^#^Tf5©J: ^tcT&JjWi. 

fttilx*;l/^- : 1 5 0K e V 

Mn -f^fllStB: 3 x 1 O'M^y/cm 2 

n^ntcM n -c *>&mx z titcmtrz >#> p> ft £3£ 

PStej:»)a!E£OfcJ£*, Mn-f*>IAltt3 x 10 
15 -l , ^->/g-T i 0,r£>9> SKt^SOOSlnSi* 50 
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ffi*> 6 2 0 0 A©i£ § ©RncrtSptcM n ■< * >iSAB© 
9 9 %J£i±JW3:{aS$|— (C&tt3'*lTl»£C taWfcBSft 
fc. ±sa©«fc' i 5«:LTSSSgU/cMn^3f-><&^Ab!fc® 
4 b *=• * 6 ft i^HMiOSI^t-^nHWtKiR^ "* * h 

> K*> Zf^tm 3 8 0 n mf^4 0 0 n mJ^T©^ 

«:£ < & C 6 ft * o M in' * > £ -C ^- >SAffiK 
ctDSAu /cgtfb^ * >3tttattJbt?«. 4 0 0 n m«± 
<D'SJWc<D^*^C-z>Xl^m s f-ifi^i>. fci±©<fc 

tt. ^^^©^^rfRiRT-Sit^. Se*-C»*iS. 6 

[0 03 7 ] Hifefll 1 8 
y^>©^14ibJ®6 

5 0ml ©^V b f ^^**-7^S^lf§StCl©£^4 ic 
xmmUtcC r -f*>*A!Mb 2 5 Omg 
£Aft-C2gf}Lfc„ S^Sfmm. 2 0To r r©->7>- 
2-^f>*iAL. iftiU 5 0 nm«T0^^7 

;l/ $ - cc r igttff U fc7k£B 7 > 7"^^ag iLt, MS. 
2, 0 0 0 dW/ci'(DK->X- 2 -7'7 i >©#a 

^ - 2 -y^>^£©sfSSB#ra«:S>hr<E.^S^3eSL 

[0 0 3 8 ] Jt$S0«2 
SfeSt^J 1 8 GCfcOT C r ^ ^->«A^b5 L * >7tS4ii© 

ftb o tc. tb^'J i -emm utemt* z ^mt±zm^ z 
imitmmm 1 8 <t mm**, v-c^^-z- ^^>©sa 

^bSf&^tf ofc. C©ig^S6«:-&t>#T^L.fc. H 
6*>6Di6*»*J:5«:. 1^4 5 0 n m«±©nja*jn« 

>i*Ur, *^HJ©C r ^■*>3»ABMfc3 i *>*«aSI*ffi 
fflt5CiKJ:»3, 5^^-2-^-r>©l -7''7 i >, h 
^>*-2 -7'7 ; ->^©M^bS:j^* 5 Sza«:fct^rfe^ 
^«J®£; i L-r asm J: < ittTT 5 c t 

[0039] mmm 1 9 

-i£{bSJS©#»Sft 

5 0ml ©^"-f U v £>Ztf : 5>XM!m&&?sU:maffl4 (C 
riai¥L,/cC r ^aM/»AK^fc5 1 *>3ttta2 5 Omg 
*A*ir«itOfc. M£.timm. 2 0To r r©— ©{b 
siS^iSAb. !6S4 5 0nmJi(TO^?7^^ 
-{crJl»Ttfc7j<iB7 L/T. S-fb 

mMORmixJZ&r o fc. C©i#©?t©MK«2. 0 
oOdW/cm'fiofc. Sics^® -7" V >i7 

flit. — M-fbes«. ^-^©secjSDr^Lr 
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[0 04 0] ifci^M 3 

lessen 9Kfcc>tc r At^'m?^it^^^mm<D 
j£W«^js^d i 9 tmmcc Lx—mtmm<Dfrmm&z 
Mt> S)45 0n mM±.oy°imtm$Txkz. 

[0041] mm&\2 o 

5 0 m 1 orvc-f u f i> xtf^xl^g'g^teglfiffiP'l 1 k: 
TiHigL/cV'('^>^A^b5 i ^>7t;fi!feM2 5 0mg£ 
AftTSitUc. JtSgP^a. 2 0 T o r r ©~>X - 2 
-7-t->*»AL. SS4 5 0nmt(TOM7£?7^ 

ji5-t£.xm&iLtc7)<.m : 7isy'*ytmt ux. m&2, 

0 0 0 uW/c m' 0*5; i^X - 2 - >OffSTt 

SJC&^g^ £ v ^ 2> a *y 'J > v> r-^BfRg C £ tt 
U Af^av h ^ -tcr 1 

- 2 - 7-T->^<D^B#rBl«:Mt-SSb!S*^S«:L. 

[0 0 4 2 ] ik«P94 

0 ia^xv j*>m\M{t*z>mm<DR 
t><oic^ tmm 1 x mm o tcwa >m*k*m t » * « 
w*HJSF!i2 0 tmmtLxisx-2 
mz^'ij-yic* ccom^m%<<t-g;t>-&xmvtc. ms 

P> &4 5 0 n m«±© oJ^MWT 30 

r> ^Hj©v-c^>^A^b^$>*M^^ffl-r^ 

- 2 - y ^ >^cDS14{LSl5^gtc*5^r 4>^4/«S 

[0 04 3] HJ5S#J 2 1 
— i^bM^cr^Pj^jS 

5 0ml CDv-W U ^X**5-^.^S§gOC||S|{?!| 1 (C 
Tfi!^L/cV^^->»A^'fb3 : -^>*S4M2 50mg?: 
AftTgtt bfc 0 M£.8m&. 2 0 T o r r <D-&{bg 40 
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fl:«Al. &S4 5 0nmWTO***^7^W- 
"c r jg$r b fc?K|g 7 > y^itm £ 1, X . fiST- HibS 
S©^-fl?SJCi>*tf o fc. C CD £ $ <D3feCDP.K« 2,00 

0dW/ci ! t^fc. si££j^£-!f>'7"';>^? 

^ - 17* — 5EB#fej CT £ ft* t> □ "7 h if =7 V A 

-jctn,. N,o©^jsat*««i^ia(c*rLr3£«L/ 
tc. —mit&mit: &is.®><Dmicfocxm / pLxi*z>c 

[0044] 

a,© c t , ens -c^pjfg t £ n r * fcnjta^^g©^ 

Ci*sr*5. *»W<Wt«S». *ftBaE©»jS*ffi. *$ 
[B 1 ] *^<^^Wr*4*«^*Jf*~-ifr« 

[B2] *»w<o— ^Jtwriijeft^oK^^-^ra 
[13] *^BJco-^ii<?ir*^*M^cosi^7c~oim 

[15] *&w(D-mmmx&zmm<D%ftft-~~Tnm 

[H6] ^-^©-^SEFD-C^^TfeSi^^fflb/c^^ 

CH7] xmw<D-mMmx$>zft!t&MZ:®.mbtc-m 
immcomwjxfcjjmuo^x , n 2> o,, n 2 o^ 

[is] *#^©-ja6«T'*s.3eji!H«*«fflofc^ 
>©^tt-fbSJK^(ctei»r. 1 -7 , t->. h-7>*- 

[09] ^BJco—HiSMr* s 7fc«i«5r^ffl u tc-m 

<tm.m<ofrm%jfctj&ici5^x , n ; . n, o^cdmm 
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